Abstract: Anatomical forceps are used for the handling of sensitive structures in medicine. Structures which are manipulated with these forceps can get damaged or slip out of the grip of the forceps. This paper presents a forceps using the bionic Fin-Ray-Effect inspired by fish-fins in order to handle vulnerable structures in particular. During the process of development, functional models of this forceps were designed, 3D-printed and evaluated.
Motivation
To handle vulnerable structures such as blood vessels, nerves and soft tissue, anatomical forceps are used. Especially surgeons and anatomists use those standard instruments, which can damage tissue by exerting too much pressure on it. Another issue is that these forceps sometimes let tissue slip out of their grip.
Bionics
Bionics is the science of transferring concepts from nature into technological applications. Inspired by the results of biological evolution, innovations and improvements can be made which help solving current engineering problems. Commonly known examples for this are the LotusEffect, the Velcro fastener and adhesive foil inspired by geckos.
The Fin-Ray-Effect
The Fin-Ray-Effect is inspired by Fin-Rays of bony fishes. It describes that an isosceles triangle with elastic sides and stabilisers that are connected elastically (see Figure 1) does not bend away from a force that is applied to its side, but deforms in the way it is depicted in Figure 2 [1] . Thereby the tip of the triangle moves in the direction of the force that is applied. Fin-Rays adapt to the shape of objects that are pressed against their sides.
Benefits of using the Fin-Ray-Effect in medical forceps
Because of the utilisation of the Fin-Ray-Effect, the jaw parts of the tweezers adapt to the shape of the object that is picked up or held with it. Thereby, the forces that are applied distribute over the larger contact area so that less pressure affects the object. Furthermore, objects are less likely to slip out of the grip of a Fin-Ray-Forceps due to an effect that keeps an object that is held between two Fin-Rays in an equilibrium position. Even if it is externally moved out of the position, the system moves back in the equilibrium position [2] . The usual gripping and holding properties can be used when tissue is handled with the tip of the Fin-Ray-Forceps. Using this tip, relatively strong force can be applied to the object that is manipulated and deform it as usual forceps would.
Methods
After comprehesive literature research and a cost-benefitanalysis, it was decided to improve tweezers for the handling of sentitive tissue in medicine by the use of the Fin-Ray-Effect. Questionnaires were sent to surgeons and anatomists in Germany, Austria and Switzerland to gather data about their use and demands on anatomical forceps. This information was then used to choose the optimal combination of characteristics via morphological analysis of the possible attributes. Experiments were conducted to identify the optimal width-to-height ratio and number of stabilizers for two Fin-Rays that encompass cylinders between them and adapt to their shape as good as possible. Based on these features, models were designed using the computer-aided design software SolidWorks 2015 Premium (Dassault Systèmes SolidWorks Corp.) and then manufactured using 3D-printing (stereolithography and selective laser sintering). The CAD-models were improved, manufactured and evaluated iteratively until their performance was satisfying. The final models were then tested and presented to end-users to receive their feedback.
One of these models is depicted in the following figure. It was manufactured using selective laser sintering.
Informed consent: Informed consent has been obtained from all individuals included in this study. Ethical approval: The conducted research is not related to either human or animal use.
Results
Fin-Ray-Forceps seem to be an appropriate and promising concept to manipulate vulnerable structures in medicine. They can be used to handle these structures without damaging them and could become an alternative to anatomical forceps or rather be used in addition to them if delicate tissue is handled.
The following figures show a segment of a plastic straw that is held with either a typical anatomical forceps or a Fin-Ray-Forceps. It can be seen that the bionic tweezers using the Fin-Ray-Effect adapt to the shape of the straw while the commercially available forceps clearly deforms the shape of the straw. The straw was chosen to represent an easily deformable hollow cylinder such as a blood vessel.
Prospects
Further testing of Fin-Ray-Forceps is required to examine that they are suitable for the intended application.
We are looking for a project partner with whom the necessary pre-commercial and commercial steps can be pursued.
